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INTRODUCTION 
Conservation tillage increases water infliltration and requires higher herbicide rates which 
could lead to enhanced chemical transport to ground water. Recent studies on conventional and 
reduced or non-tillage systems as affecting pesticide leaching report contradictory results. Some 
studies report higher leaching for diverse herbicides from non-tillage (NT) than from conventional 
tillage (CT) systems due to preferential flow through macropores more abundant in NT than in 
CT (Isensee et al. 1990 and Gaston and Locke, 1996). Other studies report just the contrary and 
suggest enhanced sorption and degradation processes in NT could attenuate herbicide leaching 
(Levanon et al. 1993; Dao, 1995; Fermanich et al., 1996). 
The purpose of this study was to assess the influence of two tillage systems, conventional 
tillage (CT) and reduced tillage (RT), on the mobility of the herbicides clopyralid and metamitron 
in undisturbed soil columns, and to compare these results with those obtained in handpacked soil 
columns. 
 
MATERIALS AND METHODS 
Herbicides and soil 
Pure analytical clopyralid and metamitron were kindly supplied by Dow Elanco and Bayer 
Corporation, respectively. 
The soil used in this study was taken from two plots where reduced (RT) or conventional 
tillage (CT) had been introduced in 1991. The soil is a Xerofluvent whose texture corresponds to 
a loam-clay-silty (USDA) or  clay-silty (ISSS). The horizon to be studied was the Ap which 
texture is clay-loam. Selected physicochemical properties of the soils are given in Table 1. 
Sorption-desorption studies 
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Sorption experiments were carried out using the batch equilibration technique.  Duplicate 2.5-g 
soil samples were treated with 10 mL 0.01 M CaCl2  solutions of clopyralid and metamitron in the 
range of 0.05-1 mM. 
Leaching studies in undisturbed soil columns 
Undisturbed soil columns were filled by introducing PVC pipes, 30-cm long and with an 
inner diameter of 12 cm, 25 cm depth in the soil at the RT and CT plots. The columns were 
saturated with water to their  apparent water holding capacities by application of 1.8 L, with 
different pore water volumes draining as summarized in Table 2. Herbicides were applied at the 
rate of 5 Kg ha
-1 
. 
Three replicate columns (A, B and C) taken from RT and CT plots were used to assess 
the herbicide distribution in the soil after the application of 3 different volumes of water to each 
one according to Table 3. Columns A, B and C from the RT and CT plots were irrigated with 
600 mL of water applied in two 300-mL fractions after 4 and 7 days of herbicide application, 
respectively. Columns B and C were irrigated with further 600 mL, applied 14 d after herbicide 
application. Finally, 21 d after herbicide application, columns C were irrigated with other 600 mL 
of water. 24 h after de application of the different volumes of water , columns were sampled and 
herbicide residues extracted every 4 cm by shaking for 24 h with  methanol in a 1:2 (w/v) 
soil:solvent ratio and analized by HPLC. 
Further duplicate undisturbed soil columns were taken from the RT and CT plots in order 
the to monitor herbicide elution profile after a daily application of 150 mL of water, up to no 
more herbicide detected in the leachates. 
 
  Table 1: Physicochemical properties of the soil 
  O.M. %  pH  Sand %    Silt %  Clay %   
  1.3  7.1  57  18  25   
 
 
  Table 2: Soil columns characteristics   
Herbicide Bulk density, g cm
-3
 Water pore volume, mL 
  R.T.  C.T.    R.T.  C.T.   
Clopyralid 1.67 1.45 960 1220 
Metamitron 1.74 1.72 1664 1654 
 
Table 3:  Water volumes applied to soil columns from RT and CT. 
Day mL applied to RC columns mL applied to CT columns 
4 300 300 300 300 300 300 
7 300 300 300 300 300 300 
14  600 600  600 600 
  21  600  600   
Total water 600 1200 1800 600 1200 1800 
  applied   
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RESULTS AND DISCUSSION 
Sorption studies. 
Clopyralid did not sorb on the soil studied under the conditions described above. Adsorption 
coefficients for metamitron (Table 4) show only a slightly higher sorption for RT soil than for CT 
soil. 
 
Table 4: Sorption coefficients for metamitron 
    Kf   
R.T. 1.24 (1.10-1.40) 
  C.T.  1.05 (0.93-1.19)   
 
Leaching in undisturbed soil columns. 
The  total  amounts  of  clopyralid  recovered  in  leachates  and  extracted  from  soil  after  the 
application of 600, 1200 and 1800 mL of water are summarized in Table 5 and are all close to 
100 % of the clopyralid applied. The amounts of clopyralid leached are higher in columns from 
RT than in columns from CT, which in the case of this weakly sorbed and highly mobile chemical 
(Cox et al., 1996) can be due to preferential flow pathways in the RT columns (Isensee et al., 
1990). Conventional tillage disrupts the macropores in the surface 15 to 20 cm, whereas 
macropores appear to remain largely intact under reduced tillage, specially under no-till (Isensee 
et al., 1990). Accordingly, the residues extracted from soil are lower in RT columns than in CT. 
When soil columns were eluted with 150 mL of water applied daily to the top of the 
columns, elution curves (Figure 1) show that initial breakthrough occurs earlier in the RT system, 
corroborating previous results. The total amounts leached are significantly higher in the case of 
the CT columns. These differences cannot be attributed to sorption processes. The low vapour 
pressure of clopyralid also does not suggest that volatilization from the RT columns could be 
favoured. Differences could be due to an enhancement of  degradation processes in the RT 
system. Increase of biotic population and enzymatic activity has been reported to occur under 
conservation tillage (Doran, 1980). The burning of the crop residues in CT should also contribute 
to a lower microbial population, and hence to a lower degradation, in CT system (Doran, 1987; 
Fermanich and  Daniel,  1991), and this could be the reason for the lower total amounts of 
clopyralid leached in RT systems. Leaching would be initially favoured due to preferential water 
flow, but the herbicide that moves through the soil matrix would be degraded to a higher extent 
due to the higher microbial activity of the soil. 
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  Table 5: Clopyralid recovered from soil and leachates as percentage of applied.   
Depth R.T. C.T. 
  (cm)  600 ml  1200 ml  1800 ml  600 ml  1200 ml  1800 ml   
0-4 29.8 ± 0.55 24.1 ± 0.27 20.9 ± 0.33 38.1 ± 0.65 29.1 ± 0.75 23.6 ± 0.21 
4-8 18.8 ± 0.15 15.1 ± 0.71 13.3 ± 0.16 16.4 ± 0.22 13.3 ± 0.36 12.5 ± 0.32 
8-12 13.5 ± 0.35 12.2 ± 0.28 9.7 ± 0.05 15.4 ± 0.10 14.5 ± 0.68 13.5 ± 0.18 
12-16 18.1 ± 0.58 12.4 ± 0.20 12.0 ± 0.02 19.5 ± 0.21 15.6 ± 0.40 13.2 ± 0.10 
16-20 11.1 ± 0.21 4.6 ± 0.07 5.7 ± 0.12 9.3 ± 0.15 14.1 ± 0.13 14.6 ± 0.06 
  20-24  5.3 ± 0.09  3.3 ± 0.10  4.4 ± 0.04  0.8 ± 0.01  7.5 ± 0.07  10.9 ± 0.05   
Total 96.6 71.7 66.0 99.5 94.1 88.3 
    residues   
   Leachates  3.0  24.0  26.5  0.6  5.1  14.3   
Total 99.6 95.7 92.5 100.1 99.2 102.6 
   recovered   
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Figure 1: Clopyralid BTC´s 
 
Differences between the herbicide residues extracted from the RT and CT columns were 
much more significant in the case of metamitron than in the case of clopyralid. The residues of 
metamitron where much higher in the CT columns after the application of the different water 
volumes (Table 6). These differences are more substantial after the application of 1800 mL of 
water in the first 4 cm (Table 6), where the percentage of recovered metamitron was 25 % in CT 
columns and only 5 %. in the RT columns. The total amounts leached were also higher in the CT 
system, and this does not agree with the results obtained for clopyralid. This could be due to the 
fact that soil bulk density in both RT and CT systems were the same in these columns (Table 2), 
because heavy rain had minimized the physical difference between RT and CT plots when the soil 
columns for metamitron leaching experiments were taken. However the total recovery (residues 
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and leachates) of metamitron from these column experiments were much lower in RT than in CT. 
Assuming that  all pesticide that being not leached or extracted with methanol is degraded, 
degradation processes are enhanced in the RT system. 
Elution curves of metamitron in CT and RT columns when 150 mL of water were 
applied daily are shown in Figure 2. Initial breaktrough occurr at the same time in RT and CT 
columns, which is due to the low differences in physical properties between RT and CT columns 
used in this case (Table 2). The total amounts of  metamitron leached are very low when 
compared with clopyralid but also they are higher in CT than RT. These differences are much 
higher than those measured for sorption coefficients (Table 1) and this would be enlarged by 
enhanced degradation processes under RT system. 
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Figure 2: Metamitron BTC´s 
 
   Table 6: Metamitron recovered from soil and leachates as percentage of applied.   
Depth R.T. C.T. 
  (cm)  600 ml  1200 ml  1800 ml  600 ml  1200 ml  1800 ml   
0-4 16.8 ± 0.83 15.5 ± 1.47 5.3 ± 0.51 39.8 ± 0.31 30.8±1.70 24.7 ± 0.14 
4-8 7.3 ± 0.74 4.7 ± 0.27 3.9 ± 0.12 19.2 ± 1.65 12.7 ± 0.56 7.6 ± 0.28 
8-12 8.6 ± 0.80 1.5 ± 0.03 2.6 ± 0.13 15.2 ± 0.36 10.9 ± 0.79 4.0 ± 0.01 
12-16 6.5 ± 0.02 5.6 ± 0.42 2.4 ± 0.08 7.5 ± 0.32 11.6 ± 0.03 6.7 ± 0.66 
16-20 5.6 ± 0.15 2.4 ± 0.03 1.1 ± 0.04 1.8 ± 0.25 4.3 ± 0.64 3.1 ± 0.17 
  20-24  1.7 ± 0.06  0.9 ± 0.01  1.0 ± 0.03  1.1 ± 0.03  1.0 ± 0.02  0.9 ± 0.01   
Total 46.5 30.6 16.3 84.6 71.3 47.0 
  residues   
    Leachates  0.9  1.6  2.2  2.7  4.2  8.4   
Total 47.4 32.2 18.5 87.3 75.5 55.4 
    recovered   
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Pesticide movement through the root zone by leaching is directly influenced by processes 
of  retention  and  transformation.  The  differences  between  the  leaching  of  clopyralid  and 
metamitron can be due to the lower sorptivity and  higher stability of clopyralid. Leaching would 
be initially facilitated in RT. Clopyralid molecules would move rapidly through soil matrix with 
little or no interaction and by-pass the soil matrix by preferential flow through the macropores 
more abundant in RT (Isensee et al., 1990). Metamitron molecules interact more strongly with 
soil,  as  shown  in  sorption  studies  (Cox  et  al.,  1996).  Due  to  sorption  processes  and  to 
degradation processes favoured in RT, less amounts of metamitron are available for leaching 
through preferential flow pathways and through the soil matrix. 
Modeling of these experimental data with LEACHP and macropore model will be 
described in the poster. The accuracy of the models seem to be greater for clopyralid than 
for metamitron. 
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